Aims: The EXPLORE-J study aimed to assess lipid management in patients hospitalized for acute coronary syndrome (ACS) and their cardiovascular risk despite undergoing standard therapy. Here, we focused on background characteristics of patients in the EXPLORE-J study to elucidate the current lipid-lowering therapy and its issues in Japan. Conclusions: Many patients were not meeting Japanese LDL-C target levels at the time of ACS, and a large proportion of patients meeting target levels developed ACS; therefore, more stringent management and further evaluation of the target LDL-C levels is warranted in high-risk patients and those with previous history of CAD.
Introduction
A positive correlation between low-density lipoprotein cholesterol (LDL-C) levels and the incidence of cardiovascular events has been reported. Specifically, LDL-C-lowering therapy was shown to decrease the incidence of cardiovascular events 1, 2) . Therefore, target LDL-C levels have been established worldwide to reduce the risk of cardiovascular diseases, including coronary artery disease (CAD), which represents a burden for patients and society.
Target LDL-C levels vary by country. Guidelines outside of Japan recommend an LDL-C level 70 mg/dL for the secondary prevention of atherosclerotic cardiovascular disease (ASCVD); however, in Japan, this level is recommended only to patients with a very high-risk profile for secondary prevention. High-risk secondary prevention patients include those with acute coronary syndrome (ACS) and familial hypercholesterolemia and those with diabetes mellitus (DM) complicated with non-cardiogenic cerebral infarction, peripheral artery disease (PAD), chronic kidney disease (CKD), metabolic syndrome, positive smoking status, and more than one major risk factor 3, 4) . The target LDL-C level in Japanese guidelines is less strict than those in European 5) and American guidelines 6) because there is a lack of evidence for the efficacy of more aggressive lipid-lowering therapy in Japanese patients. Although the target levels in Japan are less strict, many patients cannot achieve these target levels. Despite a sharp decrease in the incidence of atherosclerotic diseases in general in Japan from the 1960s to the early 2000s, there is evidence of a recent increase in ischemic heart disease owing to westernization of the lifestyle and an increase in the incidence of dyslipidemia [7] [8] [9] . A recent study showed an overall prevalence of ASCVD of 1869 per 100,000 individuals among the employed Japanese population 10) with an event rate (any cardiovascular event) of 4.0% within the first year after diagnosis of ASCVD, representing substantial clinical and economic burdens. Furthermore, DM is not only a notable risk factor for secondary prevention of ASCVD, but also it is on the rise in Japan and throughout Asia 11) . Thus, there is a need to determine whether more aggressive lipid-lowering therapy is warranted in Japanese patients with ACS. This article describes the baseline characteristics of patients in the EXPLORE-J study, including comorbidities (DM and hypertension), lipid profile, and cardiovascular risk status, to elucidate the current lipid management status of patients after ACS with a focus on high-risk patients with history of CAD (secondary prevention) and DM.
Methods

Study Design
This is a multicenter, prospective, observational study of Japanese patients presenting with ACS. This article describes the baseline characteristics of those patients, focusing on the lipid profile collected 1) at the first measurement after hospitalization, and 2) at Visit 1 (i.e., at registration [after informed consent], which was within 14 days of hospitalization) (Supplemental Fig. 1 ). All other laboratory measurements (including other lipid parameters, glycosylated hemoglobin [HbA1c], and fasting blood glucose [FBG] ) were collected at Visit 1. ACS patients who required hospitalization were consecutively recruited and registered in 59 sites between April 2015 and August 2016 (enrollment period). Participating patients provided written informed consent within 7 days after hospitalization. Next, those who met the inclusion criteria were registered successively to avoid selection bias by the investigator. The study protocol conforms to the ethical guidelines of the 2013 revision of the Declaration of Helsinki and was approved by each institution's ethics committee for research involving humans. Additional details of the study methods have been described previously 12) .
Patients
The inclusion criteria were as follows: patients aged ≥ 20 years at the time of informed consent, who developed ACS, including ST elevation myocardial infarction (STEMI), non-ST elevation myocardial infarction (NSTEMI), or unstable angina (UA). The main exclusion criteria were as follows: patients with chest pain caused by pre-specified significant comorbidities, patients with in-stent thrombosis, patients enrolled in interventional studies that could affect the lipid profile, and those judged as inappropriate for inclusion by the investigators or subinvestigators.
Background Characteristics
Background data (demographic characteristics, physical findings, laboratory data, and medical history) were collected within 14 days of hospitalization (at Visit 1) using electronic case report forms, and have been described previously 12) . The presence of a comorbidity was determined at the attending/reporting physician's discretion.
Lipid Profile
The first LDL-C measurement (regardless of the method) after hospitalization was reported. LDL-C levels, both direct and calculated, and other lipid parameters were obtained at Visit 1 (within 14 days
Results
The disposition of patients is shown in Supplemental Fig. 2 . A total of 2016 consecutive ACS patients were registered, 72 of whom were excluded from the analysis for the following reasons: failure to obtain informed consent within 7 days of hospitalization (n 62), unapproved informed consent (n 4), no informed consent obtained (n 2), duplicate entry (n 2), erroneous entry (n 1), and withdrawal because the target number of cases for enrollment was achieved at registration (n 1). Finally, 1944 patients were included in our analysis.
Background Characteristics
The mean and SD age of patients overall (N 1944) Table 1) . The most common ACS type was STEMI (61.5%), followed by UA (22.6%), and NSTEMI (15.9%). Patients with a history of CAD were more likely to have NSTEMI and UA. The most common lipid-modifying medication used at the time of ACS was statins (overall, 27.3%). Statins were used by 85.0% (531/626) of patients who were taking any lipid-lowering therapies at the time of ACS in this study. Other medications that were commonly used included antihypertensives (51.2%), antiplatelet agents (23.1%), and antiglycemic medications other than insulin (19.7%) ( Table 2) .
Lipid Profile
The mean and SD LDL-C level at first measurement after hospitalization was 121.2 (39.7) mg/dL; 30.3%, 6.6%, and 7.7% of all patients had an LDL-C level 100 mg/dL, 70 mg/dL, and ≥ 180 mg/dL, respectively. Lipid parameters measured at Visit 1 are shown in Table 1 . Among all patients with available data, 49.6% of 1831 patients had an HDL-C level ≥ 40 mg/dL; 21.9% of 1838 patients had a triglyceride level ≥ 150 mg/dL; and 13.4% of 1378 patients had a lipoprotein(a) level ≥ 50 mg/dL (Tables 1 and 3) . Table 4 shows the relationship between history of CAD and LDL-C levels at first measurement after hospitalization. Patients with a previous history of CAD had lower mean LDL-C levels, were notably more likely to have LDL-C levels 100 mg/dL after hospitalization for ACS). LDL-C levels were evaluated according to the type of treatment (statin therapy, intensive statin therapy, any lipid-lowering therapy, or no lipid-lowering therapy). Intensive statin therapy was defined as atorvastatin ≥ 20 mg, rosuvastatin ≥ 10 mg, or pitavastatin ≥ 4 mg. The definition of intensive statin therapy in the current study differs from that in the Adult Treatment Panel III of the National Cholesterol Education Program guidelines 13) , as lower doses of statins are approved and used in Japan owing to concerns about adverse events.
An additional analysis was conducted in which patients were stratified according to previous history of CAD using the Suita score 14) . The Suita score categorizes patients into high-, medium-, and low-risk groups according to patient characteristics (e.g., age, sex, smoking history, blood pressure, high-density lipoprotein cholesterol [HDL-C], and LDL-C, among others). The achievement rate of LDL-C target levels for each of the resulting risk groups ( 100 mg/dL [secondary prevention], 120 mg/dL [high risk], 140 mg/dL [medium risk], and 160 mg/dL [low-risk]) was calculated. Because blood pressure was not reported in EXPLORE-J, patients with hypertension were all given a score of 4, which is equivalent to SBP 90-99/DBP 140-159.
Laboratory Parameters in Patients with and without DM
Lipid parameters, HbA1c, and FBG were described in patients with and without DM. Serum cholesterol levels were evaluated at each participating study center.
Statistical Analysis
Details of the sample size calculations were provided previously 12) . Briefly, based on a previous study on Japanese ACS patients (PACIFIC registry) 15) in which the incidence of major adverse cardiovascular events (MACE) was 6.4% at 2 years, the planned sample size was 2000 patients with an estimated precision of approximately 1%, and 95% confidence interval of 5.3%-7.4%.
The background characteristics of the patients were summarized using mean, median, standard deviation (SD), range for continuous data, and number and proportion of patients in each category for categorical data.
Fisher less of their previous history of CAD. The difference was especially notable among patients with a previous history of CAD with an LDL-C level 100 mg/dL (with vs without DM: 57.2% vs 48.1%) and 70 mg/dL (with vs without DM: 19.3% vs 11.8%).
A comparison of the results of lipid profile after stabilization (i.e., Visit 1) among patients with and without DM is shown in Supplemental Table 1 . The levels of most lipid parameters were significantly higher among patients without DM than those with DM, except for triglyceride level, which was significantly higher in those with DM ( Supplemental  Fig. 4) .
The status of glycemic control in DM patients in terms of HbA1c and FBG is shown in Supplemental  Fig. 5 . The mean and SD HbA1c and FBG were 7.38% (1.43%) and 144.8 (46.2) mg/dL, respectively, 100 mg/dL. In the primary prevention high-risk group, 578 (45.8%) achieved LDL-C target 120 mg/dL. The majority of primary prevention patients were categorized as high-risk.
Comorbidities and cardiovascular risk factors for patients overall are summarized in Supplemental  Fig. 3 .
Laboratory Parameters in Patients with and without DM
The distribution of LDL-C levels at first measurement after hospitalization among patients with and without DM according to their previous history of CAD (positive or negative) is shown in Fig. 1 . In general, the proportions of patients with an LDL-C level 100 mg/dL and 70 mg/dL were higher among those with DM vs those without DM, regard- Patients with available LDL-C level at the time of ACS diagnosis. Statistical comparisons were carried out only for n ≥ 100. Intensive statin therapy was defined as atorvastatin ≥ 20 mg, rosuvastatin ≥ 10 mg, or pitavastatin ≥ 4 mg. Conversion factor for LDL-C from mg/dL to mmol/L, 0.0259. ACS, acute coronary syndrome; CAD, coronary artery disease; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; LDL-C, low-density lipoprotein cholesterol; PCSK9i, proprotein convertase subtilisin/kexin 9 inhibitor; SD, standard deviation registries in Japan to explore the current lipid management status of ACS patients. Among the 1944 patients included in the present study, most had a history of dyslipidemia (77.8%). Among all patients in the present study and among those with a previous history of CAD, respectively, 30.3% and 52.1% had LDL-C 100 mg/dL and 6.6% and 15.1% had LDL-C 70 among patients with DM. Furthermore, 51.3% and 61.3% of patients with DM had an HbA1c ≥ 7.0% and FBG ≥ 125 mg/dL, respectively.
Discussion
The EXPLORE-J study is one of the largest ACS Conversion factor for LDL-C from mg/dL to mmol/L: 0.0259 CAD, coronary artery disease; DM, diabetes mellitus; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation preventing metabolic syndrome and its sequelae 17, 18) . While DM patients may be more aggressively treated by clinicians, these patients may still experience ACS events at lower LDL-C levels. This suggests that the target LDL-C level may require re-evaluation in Japan. Moreover, the idea of implementing a lower target LDL-C level in DM patients to reduce cardiovascular risk is supported by a previous study by Howard et al., which compared the effect of implementing aggressive vs standard LDL-C target levels ( 70 vs 100 mg/dL) for DM patients with atherosclerosis. Howard et al. found that more aggressive LDL-C target levels provided greater benefits in terms of reducing the progression of atherosclerosis compared with standard LDL-C target levels 19) . The present study has some limitations, including those inherent to the observational study design and small sample size. Serum LDL-C levels can decrease early after the development of ACS 20) ; however, we did not assess the specific timing of LDL-C measurement. This timing could have varied among the cohorts. Not all of the study patients had a complete lipid profile at hospitalization.
Conclusions
High-risk patients presenting with ACS may require more aggressive treatment with intensive statin therapy, ezetimibe, or proprotein convertase subtilisin/ kexin 9 (PCSK9) inhibitors. Further analyses are warranted as to whether more aggressive LDL-C target levels are needed in high-risk patients, along with further investigation of risk factors associated with the onset of ACS.
Upcoming data on MACE from the 2-year observation period will be evaluated to further identify high-risk patients, and will provide insight into current post-ACS cardiovascular risk factor management, familial hypercholesterolemia diagnosis, Achilles tendon thickness, and PCSK9 levels in ACS patients. mg/dL at the first measurement after hospitalization. These findings suggest that a large proportion of patients were not meeting the recommended LDL-C target level of 100 mg/dL for secondary prevention of CAD, and even those who had achieved target LDL-C levels still developed ACS. A reason for this may be the low rate of lipid-lowering therapy use (any statin) in the present study (27.3%). It is possible that patients are not receiving adequate doses of statins, and alternative lipid-lowering agents may be warranted in some patients; therefore, untreated patients may be more susceptible to cardiovascular events. For many patients, the current target LDL-C level for secondary prevention in Japan may be suboptimal, especially among patients with a previous history of CAD.
Regarding other lipid parameters, no notable differences were shown in the distribution of all patients according to HDL-C level (approximately 50% of the patients had HDL-C level 40 and ≥ 40 mg/dL at Visit 1). Triglyceride levels were within the target level ( 150 mg/dL) in 78.1% of the patients.
According to the Suita score analysis, those categorized as having high risk accounted for the majority of patients (84% of the primary prevention subset) in the study population hospitalized for ACS, implying the reliability of the score as a tool to predict the likelihood of developing CAD in the future. Additionally, these findings strongly suggest that the multidisciplinary approach is important for the prevention of CAD. The low target LDL-C achievement rate in the secondary prevention/high-risk groups may suggest that more stringent LDL-C control is required. Further study to adopt the Suita score for targeting LDL-C level seems to be warranted.
In the present study, patients without a previous history of CAD had a higher mean LDL-C level than those with a previous history of CAD. These findings are consistent with those of a previous study in which the mean LDL-C levels among patients with a previous history of CAD were generally lower than those among patients without a previous history of CAD 16) . In both studies, the mean LDL-C levels were lower in patients with DM vs those without DM, regardless of their previous history of CAD. The reason patients with DM tend to have lower LDL-C levels in general may be owing to higher use of statins and other lipidlowering therapies. Patients being treated for DM may also see physicians more often and be adhering to diet and exercise therapies, which would contribute to a more favorable lipid profile in general. This is evidenced by the Nationwide Lifestyle Intervention Program Targeting Metabolic Syndrome, which has shown that regular health checkups and guidance on lifestyle modifications had some success in Japan in Systems Co. Ltd. for statistical analysis, and Regeneron Pharmaceuticals, Inc. for critical review of the manuscript. Writing and editorial assistance was provided by J Ludovic Croxford, PhD, and Michelle Belanger, MD, of Edanz Medical Writing and was funded by Sanofi and Regeneron Pharmaceuticals, Inc.
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Supplemental Fig. 5 . Glucose control at Visit 1 in patients with and without DM in terms of HbA1c (A) and FBG (B)
Conversion factor for FBG from mg/dL to mmol/L, 0.0555.
DM, diabetes mellitus; FBG, fasting blood glucose; HbA1c, glycosylated hemoglobin; SD, standard deviation
